Purpose: To investigate if study design factors such as randomization, multi-center versus single center evidence, institutional surgical volume, and patient selection affect the outcomes for endovascular repair (EVAR) versus open surgical repair (OSR). Finally, we investigate trends over time in EVAR versus OSR outcomes. Methods: Search strategies for comparative studies were performed individually for: OVID's MEDLINE, EMBASE, CINAHL, HAPI, and Evidence Based Medicine (EBM) Reviews (including Cochrane DSR, ACP Journal Club, DARE and CCTR), limited to 1990 and November 2006. Results: Identifi ed literature: 84 comparative studies pertaining to 57,645 patients. These include 4 randomized controlled trials (RCTs), plus 2 RCTs with long-term follow-up. The other 78 comparative studies were nonrandomized with 75 reporting perioperative outcomes, of which 16 were multi-center, and 59 single-center studies. Of the single-center studies 31 were low-volume and 28 were high-volume centers. In addition, 5 studies had all patients anatomically eligible for EVAR, and 8 studies included high-risk patients only. Finally, 25 long term observational studies reported outcomes up to 3 years. Outcomes: Lower perioperative mortality and rates of complications for EVAR versus OSR varied across study designs and patient populations. EVAR adverse outcomes have decreased in recent times. Conclusion: EVAR highlights the problem of performing meta-analysis when the experience evolves over time.
Introduction
Two recent reviews have described the relative outcomes of endovascular repair (EVAR) versus open surgical repair (OSR) (Drury et al 2005; Ho et al 2006) and of EVAR alone (Franks et al 2007) for abdominal aortic aneurysms (AAA) based on evidence from both randomized control trials (RCTs) and nonrandomized control trials (nRCTs). Despite these recent reviews, there are limitations in the accumulated evidence for an assessment comparing EVAR and OSR. As the authors suggest, the major differences between the RCTs and the nRCTs relate to differences in baseline characteristics of the patient populations and overall study design. While the recent reviews have cautioned the interpretation of the differential outcomes of EVAR versus OSR found in RCT compared to nRCTs, they do not assess the degree to which the imbalances or different study design impact relative outcomes.
For example, patients in RCTs tend to have lower ASA risk levels than patients in nRCTs, and the average ASA risk tends to be higher for EVAR than OSR patients in nRCTs (Sbarigia et al 2005) . This baseline imbalance for AAA repair has continued ever since EVAR was fi rst introduced to benefi t patients with AAA who were physiologically at high risk for OSR or who were anatomically suitable for EVAR (Parodi et al 1991) . Despite the focus on high risk patients, the benefi ts of EVAR in lower risk patients has also recently been established in two large RCTs, DREAM and EVAR-1 (Greenhalgh et al 2004) . Despite these two landmark trials, only one small RCT has been completed to assess differences in quality of life between EVAR and OSR patients (Soulez et al 2005) . In order to compare and contrast the outcome evidence of EVAR and OSR in RCTs and nRCTs, differences in patient baseline risk levels and the degree to which these risk levels differ between EVAR and OSR in observational studies need to be investigated.
A major limitation of the recent reviews is the inclusion of studies that should have otherwise been excluded. For example, some studies are multi-center in nature and the meta-analysis includes the results of the multi-center studies and the redundant constituent single center evidence (Brewster et al 1998; Sicard et al 2001; Makaroun et al 2002; Matsumura et al 2003) . This is particularly evident with the large device trials, the Lifeline Registry (LREAR 2001 ) and the Eurostar Registry (Buth and Parodi 1999) . In addition, other evidence that should be excluded is the studies that include early evidence from the Ancure multicenter trial, even though the device was temporarily removed from the market for underreporting complications (Moore et al 2001) .
Interestingly, EVAR was originally intended for high risk patients, but there has been little cumulative evidence reported for high risk patients only (Sbarigia et al 2005) . To address the benefi ts to high risk patients only, a review of studies where both EVAR and OSR patients are deemed at high medical risk should be the starting point. Similarly, EVAR is usually offered to anatomically suitable candidates. Yet, no review has isolated studies where both EVAR and OSR patients are anatomically suitable for EVAR. To include anatomically suitable patients for a comparative review would eliminate a signifi cant bias in terms of the effects of vasculature on surgical outcomes (Welborn et al 2005) .
A further bias is added in reviews if the authors do not incorporate inclusion criterion based on treatment volumes or control for treatment volume in the analysis. This is important because most centers have low annual volume and treatment volumes have been shown to be related to treatment outcomes for endovascular repair (Bush et al 2006) as well as other cardiac procedures (Franks et al 2007) . Accordingly, it is important to compare relative outcomes for EVAR and OSR adjusting for different treatment volumes.
Finally, EVAR technology has been evolving over time due to new device generations and improvements in surgical techniques such as crossover grafts (Moise et al 2006) .
The recent review of EVAR alone studies described a decreasing rate of mortality over time (Franks et al 2007) . Reviews that ignore the potential impact of time trends on the relative rate of mortality or systemic events of EVAR over time may potentially introduce bias.
The objectives of this systematic literature review were to address issues left unanswered by earlier reviews, such as: 1) to describe and compare the patient characteristics from the identifi ed observational and randomized controlled trials of EVAR and OSR patients; 2) to examine differences in outcome measures between the treatment groups by study design and characteristics; and 3) to evaluate relative trends in mortality and endoleak rates over time. More specifi cally, this report investigated the effects of baseline characteristics imbalance, study design (ie, nRCT versus RCT), center status (ie, multi-center versus single center), patient risk status, EVAR suitability, treatment volume (ie, low versus high), and year of study publication on patient outcomes.
Methods

Literature search
Literature search strategies were developed to identify papers comparing EVAR to OSR. Strategies for each of the following databases were developed and performed individually in OVID's: MEDLINE, EMBASE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Health and Psychosocial Instruments (HAPI), and Evidence-Based Medicine (EBM) Reviews (including Cochrane Database of Systematic Reviews (CDSR), ACP Journal Club, Database of Abstracts of Reviews of Effects (DARE) and Cochrane Central Register of Controlled Trials (CCTR)). Results were limited to human and English language studies published between 1990 and November 2006 inclusive. Identification of duplicate citations was completed using Reference Manager (v.10; Thomson ResearchSoft, Philadelphia, PA, USA). RCTs, controlled clinical trials, comparative observational studies, case series studies, and population-based registries assessing the effi cacy and/or safety of EVAR versus OSR were all included in the review.
Titles and abstracts (when available) of all search results were screened using predefi ned criteria in order to identify publications that discussed the use of EVAR and OSR for the management of AAA. When it could not be determined from the information available whether an item met the inclusion criteria or not, the article was reviewed in full-text.
Inclusion criteria included nonruptured AAA repair, of at least a mean AAA diameter of greater than 5 cm, and a publication date from 1990 onwards. Citations were excluded
Endovascular repair versus open surgical repair if they reported a mixed patient population including patients with thoracic-abdominal aneurysms, iliac aneurysms, ruptured or infected aorta, emergency aortic repair. No restriction based on clinical study design was used and nonrandomized trials and patient registries were included. All relevant or potentially relevant studies were then retrieved in full-text.
Review of full-text articles was conducted to identify publications with unique patient data using preset criteria. Also, clinical studies regarding the FDA-approved clinical trials related to the Ancure device (Guidant) were identifi ed and excluded from further analysis due to the potential underreporting of device related complications (Bren 2003) .
Data extraction
For unique comparative clinical studies, data were abstracted using a standard form to record details of the study design and methods, patient baseline characteristics, technical aspects of EVAR and OSR and outcome measures of interest according to SVS reporting standards .
Clinical outcomes were obtained from studies which described 30 day and post 30 day events. When longer term cumulative evidence was available (Ͼ30 days), 30 day events were not included in the analysis of the long term outcome data. Studies were classifi ed as multi-center or single center. Where studies examined outcomes from a single center over a period of time greater than one year, annual treatment volume was estimated by dividing the number of patients in the study by the enrollment duration in years. Further, after determining the median surgical volume of institutions performing EVAR, surgical volume was divided into two categories: low volume institutions (identifi ed as having, on average, less than 30 patients per year) and high volume institutions (completed 30 or more procedures per year).
Studies including only high-risk surgical patients were also identifi ed. High-risk patients were classifi ed as highrisk if any one of the following characteristics was present: age Ͼ80, ASA III or IV, or an existing systemic complication (cardiac, pulmonary, renal) (Hollier et al 1992) If available, further information was extracted from the studies regarding the suitability of patients who received OSR as to whether they could have received EVAR.
Statistical analysis
Statistical analysis was carried out using Excel 2002 (Microsoft Corp., Redmond, WA, USA) and Stata (StataCorp., College Station, TX, USA) with comparison of dichotomous outcomes expressed as odds ratios (OR). An OR less than 1 indicated a lower rate in EVAR than OSR. Continuous variables were analyzed using weighted mean differences (WMD). A WMD less than zero indicated a lower rate in EVAR than OSR. A level of signifi cance (α) of 0.05 was used to indicate statistical signifi cance.
Meta-regression analyses (including a random effect) were performed using Stata metareg command to test if there were differences in outcomes between EVAR and OSR with respect to study enrolment time. Where there were multi-year enrolment periods, the middle of the time period was used as the independent variable. Trends in comparative outcomes which were analyzed and included were operative mortality, systemic and vascular complications, and adjuvant procedures. Trends in EVAR specifi c outcomes such as the rate of endoleaks (I-IV) and conversion were also investigated. A level of signifi cance (α) of 0.05 was used to indicate statistical signifi cance in the trend coeffi cient.
Results
Literature search
The literature search initially completed on 20 May 2005 and updated on 28 Nov 2006 identifi ed a combined total of 3,946 unique citations (see Figure 1 ). The following evaluation is based on 84 comparative studies, containing unique patient data comparing EVAR to OSR.
Study characteristics
These 84 studies included 4 randomized controlled trials of which all 4 reported short-term outcomes Greenhalgh et al 2004; Prinssen et al 2004; Soulez et al 2005) and 2 reported subsequent long-term outcomes (Blankensteijn et al 2005; Greenhalgh 2005 ). The other 78 comparative studies were observational evaluations (nRCT) (3 long term only) (Birch et al 2000; Kibbe et al 2003; LREAR 2005) .
Overall, the identifi ed studies contained data pertaining to 59,188 patients. In the 75 observational studies with perioperative outcomes reported (initial 30 days), there were 16,407 and 41,238 patients receiving EVAR and OSR, respectively. Of these observational studies, 16 were categorized as multi-center ( Differences between the EVAR and OSR treatment groups for various baseline characteristics and estimates of short-term mortality, systemic complications, procedural outcomes, local/vascular complications, and EVAR specifi c outcomes are described below.
Differences between patient characteristics and relative outcomes are discussed in the following order: RCTs versus observational studies, multi-center versus single center observational studies, studies that have patients that are suitable for both procedures (EVAR and OSR), studies with only high risk patients, and fi nally high volume versus low volume single center evidence.
Patient characteristics RCT vs observational studies
As shown in Table 1 , patients enrolled in the EVAR and OSR arms of the 4 RCTs identifi ed in this review had similar baseline characteristics except for pulmonary history (OR = 1.81, P Ͻ 0.05). In contrast, in nonrandomized studies, patients receiving EVAR were more likely to be male (OR 1.64), have higher ASA III and IV ratings (OR 1.33, 1.49, respectively), and less likely to be ASA I or II (OR 0.20, 0.72) . In all observational studies, EVAR patients had a higher surgical risk with greater baseline comorbidities than in OSR patients.
Multi-center vs single center observational studies
In single or multi-center institutions, patients receiving EVAR were more likely than patients receiving OSR to have comorbidities such as smoking history, diabetes, hyperlipidemia, cardiac disease, and peripheral vascular disease (PVD) and less likely to have hypertension (Table 1) . No statistical difference existed for AAA diameter and age for multi-center or single center evidence. Within the single center evidence, more patients had higher level of ASA in EVAR than OSR (ASA I to IV: OR 0.20, 0.72, 1.33, 2.38). In patients that received EVAR, there were more males, a greater number of individuals with a smoking history, more patients with diabetes, cardiac disease, peripheral vascular disease, and less hypertension. Multi-center evidence included less patients receiving EVAR that have cardiovascular disease, pulmonary, or renal disease, while single center evidence reported the opposite. Fewer patients had stroke in EVAR in multi-center studies, and more had hyperlipidemia in EVAR in single center studies.
Studies with patients anatomically suitable for both EVAR and OSR
Only 5 studies stated that both EVAR and OSR patients were anatomically suitable for EVAR. While no statistical differences were found between AAA diameter and age, there was a much higher rate of ASA III and IV (OR 2.93, 12.34, respectively) in the EVAR patients than in the OSR patients as compared to the other study designs.
Studies with only high risk patients
When examining the baseline characteristics of the 8 studies that had high risk patients only, there were no statistical baseline difference in AAA diameter and age. As observed with EVAR studies reporting patient suitability, there were statistically signifi cantly more ASA IV patients that received EVAR than in all nRCTs (OR 10.80).
High volume vs. low volume centers
The differences in baseline characteristics between the EVAR and OSR patients were still apparent when the single center studies are stratifi ed based on their estimated procedural volume (Table 1 ). In institutions with high volume, patients receiving EVAR were also more likely than patients receiving OSR to have comorbidities such as smoking history, diabetes, hyperlipidemia, cardiac disease, and peripheral vascular disease (PVD) and less likely to have hypertension (Table 1) .
Comparison of perioperative mortality and complications RCT vs. observational studies
In the 75 nRCT studies, lower 30-day mortality existed in EVAR than OSR. The mortality difference reported in the nRCTs and in the RCTs was OR = 0.429 and 0.336, respectively (Table 2 ). Of all of the possible study designs and patient populations, RCTs reported the lowest OR for mortality (0.336). Within the published RCTs, there were no statistical differences between EVAR and OSR with respect to the occurrence of a MI, CHF, or arrhythmia, however, not all clinical outcomes were reported in the published papers (Table 2) . In all designs lower rates of systemic complications were reported for all measures in EVAR treated patients compared to the OSR group, with the exception of limb ischemia which was higher in EVAR (OR 1.866).
Multi-center vs single center observational studies
Similar mortality results existed in multi-center versus single center evidence. In addition, the OR of all complications for both multi-center and single center studies were less than 1, indicating the benefi t of EVAR vs OSR, in terms of all systemic complications (cardiac, pulmonary, renal, stroke, and ischemia). In general, the multi-center studies reported lower OR for EVAR vs OSR for cardiac and renal complications, similar OR for pulmonary complications. The evidence for stroke and ischemia was mixed.
Studies with patients anatomically suitable for both EVAR and OSR
No statistical difference between EVAR and OSR existed in mortality in anatomically suitable patients. This is important considering that the difference between EVAR and OSR baseline characteristics was the highest in this patient population. There was insuffi cient evidence to compare systemic complications.
Studies with only high risk patients
No statistical difference existed in mortality in high-risk patients, despite ASA IV patients being 10.80 times more likely to receive EVAR than OSR. Similarly, there were less complications in EVAR than OSR for cardiac (OR 0.076) and pulmonary complications (OR 0.075) ( Table 2) .
High volume vs. low volume centers
Similar differences in mortality existed in high volume versus low volume centers, when compared to all observational studies. In addition, there appeared to be little difference in systemic complications between high volume and low volume centers. This is despite high volume centers having a higher level of ASA IV patients, while low volume centers reported higher levels of other comomorbidities with the exception of pulmonary disease.
Surgical outcomes and local/vascular complications
Across all types of studies, and treatment volume risk status, surgical outcomes were better for EVAR in terms of OR time, Endovascular repair versus open surgical repair blood loss, ICU length of stay (LOS), and total hospital, but these differences were not always statistically signifi cant (Table 3,4) .
EVAR-specifi c outcomes
A meta-analysis of the studies reporting endoleak data is presented in Table 5 .
Endoleaks
The rate of type 1 endoleaks was similar across study designs and patient populations, but was absent in the RCTs and highest in the suitable patient group. In contrast, the rate of type 2 endoleaks was lowest in the suitable patient group and in the RCTs.Type 3 and type 4 endoleaks, conversion, graft kinks, or folds are rare.
The rate of graft obstruction is high in the suitable patient group, and the rate of graft migration was highest in the high risk group.
Trends in endoleaks and ischemia over time
Examining the reported rate against the mid recruitment time of the study demonstrates that Type 1 endoleaks have been decreasing over time (Table 6 ). In comparison, the rate of type 2 endoleaks is relatively constant. Based on the study reports there has been a statistical increase in the rate of type 3 endoleaks over time (but this is the result of one outlier), and a decrease in the rate of type 4 endoleaks. Finally, the difference in the rate of limb ischemia has been decreasing over time (P Ͻ 0.01). In addition, when the trends in the difference in perioperative mortality were determined against the mid-enrolment time of the study, there was a small but statistically signifi cant difference that persisted over time. The mortality difference has been changing at a rate of 0.066% per year (P Ͻ 0.001).
Mid-term mortality
No statistical difference in mid-term mortality was found between EVAR and OSR over time. This evidence was based on a total of 6,289 patients with EVAR and 3,547 who received OSR and were followed in comparative nRCT up to a maximum of 36 months. In RCTs, 914 patients received EVAR, and 784 patients received OSR with a mean follow-up of 28 months of follow-up (table not provided).
Discussion
In the question of EVAR versus OSR, the RCT evidence is limited. The enrolment period for DREAM was November The recruitment period will be more up-to-date and thus, based on the results from this analysis, we should expect lower perioperative mortality rates in both EVAR and OSR, but similar mortality differences, as well as lower rates of endoleaks and ischemia. In the absence of more RCTs, observational data may provide the only current evidence.
There are some differences in evidence in nRCTs and RCTs. There are baseline imbalances that exist in nRCTs. In nRCTS, lower rates of outcomes are reported for all measures except limb ischemia which is higher in EVAR. A recent report has identifi ed that there are only small differences between one large registry (Eurostar) and one large RCT (DREAM) (Leurs et al 2007) .
There are a number of large multi-center studies, including the Eurostar registry, Lifeline Registry for post device trial outcomes, and the large multi-center device trials. Also present are state, veteran affairs, and US national registries. In this study, care was taken to exclude the single center studies that make up the device trial evidence. There are some baseline differences between the multi-center and single center evidence. However, outcomes are mostly similar; the exceptions being that endoleaks (type 1 and type 2 endoleaks) are reportedly higher in single center studies.
The difference between low and high volume centers have been reported for other cardiac procedures (Narayan et al 2004) and for AAA repair (Bush et al 2006) . In this report, there were no differences in baseline differences in AAA diameter or age, and slightly more ASA IV patients in EVAR in low volume centers. Balancing this is that high volume centers had more patients receiving EVAR with smoking history, hyperlipidemia and other comorbidities. This translates into similar outcomes in low volume and high volume centers, with the exception of chronic renal failure being higher in EVAR for high volume centers.
Studies that have patients, who are suitable for both EVAR and OSR should have results similar to RCTs because of similar anatomical suitability. Collectively, the total number of these patients is the same as an RCT (larger than DREAM, smaller than EVAR 1). Mortality difference and cardiac, pulmonary and renal outcomes are similar to the RCTs. One key difference is the total length of hospital stay, which is much higher in EVAR in the nRCT suitable patients. This suggests that the differences in ASA III or IV lead to differences in OR times, ICU stay and hospital stay.
The RCTs and most nRCTs have a mixed population, with high risk and low risk patients. In this report, 8 studies that looked exclusively at high-risk patients were identifi ed, These high risk patients incurred a lower rate of cardiac and pulmonary problems in EVAR than OSR. This suggests a signifi cant benefi t for high risk patients in terms of reduced systemic outcomes even when they are at a higher relative risk.
Long term data was analyzed to compare EVAR versus OSR for long term mortality. No statistical difference was found for up to 36 months. Almost all recent evidence has reported no signifi cant difference in long term mortality (Drury et al 2005; Ho et al 2006) . Differences that existed earlier (Walschot et al 2002) no longer exist.
Outcomes reported for EVAR have been improving over time and there are a number of reasons for this. First, there has been improvements in outcomes for EVAR surgical procedures through an evolving experience curve preselecting suitable patients that would benefi t from EVAR, or adjusting the device and perioperative adjuvant procedures to reduce later complications such as endoleaks and limb ischemia. Second, there have been improvements in the EVAR device almost eliminating type 3 or 4 endoleaks (device failures). Third, there has been an increased tendency to have lower risk patients receive EVAR (Anderson et al 2004) . In comparison, other studies have reported improving outcomes for patients that receive OSR (Black and Cambria 2006) . This is the fi rst study that demonstrates that the mortality risk difference is only slightly falling with time. This is supported by earlier comparative meta-analysis and recent comparative meta-analysis. EVAR highlights the problem of performing a fi xed point in time meta-analysis of a procedure that is continually evolving and technologically improving over time.
